In 1998, the Florida Department of Health undertook a self-administered school-based survey of tobacco use, attitudes, and behaviors among nearly 23,000 public school students in grades 6-12. The survey design did not use skip patterns; therefore, students had multiple opportunities to contradict themselves. By using examples from the high school portion (grades 9-12) of the survey, the authors examined five possible approaches to handling data inconsistencies and the effect that each has on point estimates. Use of these approaches resulted in point estimates of current cigarette use ranging from 25.6% to 29.7%. The number of missing respondents varied from 33 (less than 1%) to 1,374 (13%), depending on which approach was used. After stratification by gender and race, the prevalence estimates changed marginally for girls but strikingly for boys. Non-Hispanic White students were substantially more likely than non-Hispanic Black students to report current cigarette use, but the magnitude of this difference varied significantly according to the analytical approach used. The approach used to check data consistency may influence point estimates and comparability with other studies. Therefore, this issue should be addressed when findings are reported. Am J Epidemiol 2000;151:921-6.
Self-administered classroom surveys are quick, relatively inexpensive tools for data collection in the school-enrolled population (1) . They are often designed so that each subject answers every question. Respondents are not "skipped out" of sections or questions when they report not having the behavior or attitude addressed by the series. The justification for use of this approach is that skip patterns are potentially difficult to follow, could result in poor data collection, and might compromise the confidentiality of the survey if respondents without specific behaviors complete the survey earlier than those who have the behaviors (Dr. Laura Kann, Centers for Disease Control and Prevention, personal communication, 1998). Ensuring confidentiality increases the likelihood that subjects will respond accurately (2, 3) .
While self-reported drug use and certain other information has been shown to be accurate and reliable (4, 5) , the absence of skip patterns provides opportunities for respondents to contradict themselves. Farrell et al. found that in a survey on drug use, only 47.5 percent of respondents provided no inconsistent responses (6) .
To ensure interpretable results, decision rules regarding inconsistencies must be implemented when data are cleaned and analyzed. Several methods have been used. The conservative approach is to exclude all inconsistent responses from the analysis (7, 8) , which may exclude data from subjects uncertain about how to characterize their behaviors and will eliminate some accurate responses (9) . Another approach is to include a "test" question, such as a fictitious drug name, to eliminate those respondents who did not read the survey carefully or respond honestly (10) . Use of this approach may eliminate those who respond honestly and think that they encountered or performed the purportedly fictitious element (11) . Several other approaches are described and tested in this paper. It is important to decide which approach to use, because point estimates will vary depending on which one is implemented, and, most likely, the magnitude of the change in estimates will vary across subgroups within the study.
MATERIALS AND METHODS
In February 1998, the Florida Department of Health undertook a self-administered classroom survey of nearly 23,000 public middle (grades [6] [7] [8] and high (grades 9-12) school students. The study was conducted in cooperation with the Florida Department of Education, with assistance from the Office on Smoking and Health and the Division of Adolescent and School Health at the Centers for Disease Control and Prevention in Atlanta, Georgia. The purpose of the study was to establish baseline parameters for use in evaluating the then soon-to-be-implemented Florida Pilot Program on Tobacco Control, funded with $200 million from Florida's landmark legal settlement with a consortium of tobacco companies.
The 1998 Florida Youth Tobacco Survey (FYTS) used a two-stage cluster sample design in each of seven geographic regions for public middle and high schools separately to obtain a representative sample of 11,865 middle and 10,675 high school students in grades 6-12. Data were weighted to provide estimates generalizable to all public school students in grades 6-12 in the seven regions and the state (12) . The response rates for middle and high school students were 80 percent and 72 percent, respectively. Results presented here are from 10,563 high school respondents for whom information on gender and race/ethnicity was complete. Survey data were analyzed and point estimates were generated by using the SAS analysis system (13); variance estimates and 95 percent confidence intervals were calculated by using SUDAAN software (14) .
The was identified, and all inconsistencies within that subset were considered missing, including the response to the initial question. In this instance, respondents were forced to be consistent on questions 1-7. 4. Global approach. All responses to all questions were required to be consistent, and any inconsistent responses between any pair of questions were considered missing. Here, responses to questions 1-12 were compared and all inconsistent responses were considered missing. 5. Preponderance approach. The record of each respondent who provided inconsistent responses was reviewed carefully. Case status (e.g., current cigarette user) was assigned on the basis of "preponderance of the evidence" as determined by evaluation of responses. Only those responses that contradicted the assigned case status were considered missing. In this example, current cigarette use status was derived from the answer to question 4. If the respondent contradicted his or her response to that question, the decision rule required the respondent to be consistent with that response on four of six other questions (1, 2, 5-8); otherwise, current cigarette use status was considered missing. With this approach, respondents for whom data on question 4 were missing could be assigned a current cigarette use status if they answered no to question 1 and were consistent with that response (four of five times).
This paper illustrates the effect of using each of these five approaches to handle inconsistencies regarding point estimates of current cigarette use; examples from the high school portion of the 1998 FYTS were used. Current cigarette use was defined as self-reported cigarette use on one or more of the past 30 days (15) . Paired Student's t tests for correlated data were used to evaluate the difference between point estimates across data editing approaches.
RESULTS
When the do-nothing approach was used, 29.5 percent (95 percent confidence interval (CI): 28.0, 31.0) of respondents were classified as current smokers and 81 (0.8 percent) respondents were missing. With the gatekeeper approach, the point estimate was similar, 28.7 percent (95 percent CI: 27.2, 30.2). The number of respondents for whom data on the variable were missing was reduced by more than half, to 33. Implementation of the limited approach led to a reduction in the estimate of current smoking to 27.4 percent (95 percent CI: 25.8, 29.0) and a large increase in the number of respondents with missing data, 572 (5.4 percent). Note that the initial prevalence estimate based on use of the do-nothing approach was outside the bounds of the confidence interval around the current estimate (although the confidence intervals overlapped). After the global approach was implemented, the point estimate for current smoking declined dramatically to 25.6 percent (95 percent CI: 24.1, 27.1), with 1,374 respondents (13.0 percent) missing. Use of the preponderance approach produced estimates similar to those obtained when the do-nothing and gatekeeper approaches were implemented: current cigarette use was estimated at 29.7 percent (95 percent CI: 28.2, 31.2), with 58 respondents (0.5 percent) missing. All five estimates of current cigarette use were statistically significantly different from each other (p < 0.05) except those produced when the do-nothing and preponderance approaches were used and, for nonHispanic Blacks, those obtained from use of the gatekeeper and preponderance approaches as well. Table 2 shows the point estimates and 95 percent confidence intervals for current cigarette use, stratified by race/ethnicity and gender, obtained when all five approaches were implemented. The overall 3.9 and 4.1 percentage point differences between the estimates of current cigarette use obtained from implementation of the do-nothing approach and the preponderance approach, respectively, versus the global approach were statistically significant and important. The 3.1 percentage point difference between the gatekeeper estimate and the global estimate also was statistically and substantively significant. Differences among the other approaches also were statistically significant, although the practical significance of the smaller differences is questionable. For both girls and boys, the differences in estimates of current cigarette use across the five approaches all were statistically significant, except for those between the do-nothing and the preponderance approaches. For boys, the magnitude of the differences between the donothing approach and the limited and global approaches was quite striking: the estimate declined from 29.3 percent (95 percent Cl: 27.5, 31.1) to 26.5 percent (95 percent Cl: 24.6, 28.4) and 24.1 percent (95 percent Cl: 22.5, 25.7), respectively. If the global approach was used, an analyst would conclude that girls are statistically significantly more likely than boys to report current cigarette use. Implementation of the other approaches showed that cigarette use was similar for girls and boys.
Non-Hispanic White students were substantially more likely than non-Hispanic Black students to report current cigarette use. However, the magnitude of the difference depended on which inconsistency checking approach was selected. 6.7, 9.9). When Whites were compared with Blacks by using the do-nothing, preponderance, gatekeeper, and limited approaches, Whites were found to be 2.5, 2.6, 2.8, and 3.6 times as likely, respectively, to be current cigarette users. Use of the global approach showed that Whites were 4.0 times as likely as Blacks to be current cigarette users.
DISCUSSION
This comparative analysis of the 1998 FYTS data demonstrates the importance of carefully considering and exploring the impact of decision rules for handling data inconsistencies. It also shows that extensive exclusionary rules, such as those used in the global approach described here, may bias results toward the null value, potentially seriously underestimating the true prevalence of the behavior under study. In this analysis, the least exclusionary approach (do-nothing) and the most rigorous approach (preponderance) provided nearly identical estimates of current cigarette use. While costly in terms of time, careful review and assessment of all survey information in which incon- The estimates obtained from the preponderance approach and those from the do-nothing approach were similar. Therefore, one could question the need for such a time-intensive method of data editing and instead accept each response as the truth for that question while restricting analysis of some questions to the population identified as having the status to which the particular questions pertain. This type of analysis is approximated by the gatekeeper approach and is analogous to that used when skip patterns are present, in which only those respondents who indicate current cigarette use are asked to answer questions about brand preference, for example.
It may be impossible to ascertain which approach to handling inconsistencies produces estimates that most closely approximate the true population parameter. Clearly describing the methods used to handle inconsistencies, and the impact and consequences of that choice, is necessary. Such descriptions enable researchers to assess the degree to which estimates might be biased by the elimination of inconsistent data, and they enable other investigators to assess the true comparability of one study with another. To compare point estimates from different surveys or from one year to the next, the same consistency checking approach should be used. Results from two different studies may be only as comparable as the approaches taken to handling inconsistencies. In a study, adding new survey questions that provide new opportunities for inconsistent responses or deleting old questions used in previous consistency checks could produce significant changes in the parameters estimated. Spurious changes could be erroneously attributed to program effectiveness (or ineffectiveness) or to secular trends that in fact do not exist.
In this analysis, point estimates for some groups, versus other groups, were more likely to be affected by aggressive decision rules regarding inconsistency. In particular, boys were more likely than girls, and Blacks were more likely than Whites, to have their responses excluded from analysis as a result of inconsistencies. The magnitude of the change in point estimation from one approach to the next also was greater for these groups. Survey results that show a lower prevalence of tobacco use among non-Hispanic Black students (16, 17) relative to non-Hispanic White students may be in part an artifact of aggressive exclusion of data due to more frequent inconsistent responses from this group.
This exercise in which data from the 1998 FYTS were used was undertaken as a result of different estimates of cigarette use among Florida youth generated by different analysts working with the same data set. To monitor trends over time and to evaluate the effectiveness of programs to prevent tobacco use, the national tobacco settlement between state attorneys general and the tobacco industry will prompt more states to implement surveillance systems for youth tobacco use. Estimates of tobacco use derived from these systems will vary by geographic location, gender, race/ethnicity, and age, among other factors, and over time. It is incumbent upon investigators to ensure that observed differences in tobacco use are not the result of decision rules applied during data analysis. When publishing results, investigators should fully describe their consistency checking procedures and how those procedures affected their estimates.
